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Calcium is the most abundant mineral element of total body ash. 
Although most of the calcium is located in bones and teeth, it is a 
normal and essential constituent of all living body cells. Calcium is 
essential to normal muscle contractions and blood clot formation. During 
periods of growth, pregnancy, lactation, and egg laying very large amounts 
of dietary calcium must be absorbed from the gut to meet the animals* 
requirements and maintain calcium balance. 
The study of calcium absorption in ruminant species has usually been 
done indirectly by measuring the disappearance of calcium from the gut 
after feeding or infusion. Cannulas placed at various points in the 
gastrointestinal tract allow sampling of digesta, and subsequent deter­
mination of remaining calcium. These types of trials have enabled 
researchers to make qualitative comparisons of calcium absorption in the 
various segments of the tract, but may be complicated by factors that 
affect absorption. One such factor is that digesta flow rates might be 
altered due to the cannulas. Dilution or concentration of ingesta, or 
recycling of calcium back into the tract also might complicate absorption 
measurements. In addition to these factors, anesthesia, which is some­
times used during sample collection, has been shown to decrease gastric 
blood flow, which in turn would affect absorption. Many absorption 
estimates have been made from small surgically isolated segments of the 
gut, with disappearance measurements made over a relatively short period 
of time. These unnatural conditions leave much to be desired. 
2 
Nutrient absorption from the gut can be calculated directly from the 
product of portal-arterial nutrient concentration differences (corrected 
for hemodilution or hemoconcentration) and portal blood flow. By taking 
frequent samples of portal and arterial blood, one can characterize the 
rate of absorption, as well as determine the total absorption under 
various dietary regimes. This is an improvement over simple digestion 
trials that assume intake - excretion = absorption, and allows more 
natural conditions than studies with surgically isolated segments. There­
fore, an experiment was designed to evaluate a direct method for measuring 
in vivo absorption of calcium from the gastrointestinal tract of the milk-
fed calf. 
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REVIEW OF LITERATURE 
Theory for Measuring Absorption Using Arterial-Portal 
Differences and Portal Blood Flow 
A review by Zierler (1961) explains the theory of using arteriovenous 
(A-V) concentration differences for measuring absorption in steady and 
nonsteady states. Blood flow rate must be known, and if blood metabolite 
concentrations change significantly during the experimental period, the 
function describing this change should be defined. Since all blood 
draining the bovine gastrointestinal tract flows through the portal vein 
(Getty, 1975), a comparison of nutrient concentration in portal blood 
versus arterial blood corrected for hemodilution or hemoconcentration, 
times the flow rate through the portal vein, enables one to calculate 
the absorption occurring from the gut. 
Methods of Obtaining Portal Blood Samples 
Researchers have long realized that obtaining blood samples from the 
portal vein at frequent intervals was desirable for many nutrition and 
physiology studies. Initially, many difficulties were encountered in 
trying to accomplish this. 
Conner and Fries (1960) described a technique for sampling portal 
blood from unanesthetized calves. They inserted siliconized polyethylene 
tubing into one of the veins of the mesentery of the small intestine and 
threaded the catheter to its desired location, determined by palpation. 
Some of the problems encountered included kinked tubing, coagulation of 
blood within the vein and/or catheter, and pylethrombophlebitis. In 
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addition to these problems, gut motility could easily shift the position 
of the catheter so that the sampling site would not be at its original 
placement in the portal vein. 
Bensadoun and Reid (1962) installed a flanged polyethylene catheter 
directly into the portal vein. Even though catheters were flushed every 
6 h, none remained patent more than 5 wk. Waldem et al. (1963) developed 
a catheter that contained a stainless steel piano wire tipped with a 
stainless steel plug, just large enough to close the end of the catheter. 
This attempt to increase the operative life of indwelling catheters also 
failed, with catheters remaining patent only 5 - 40 d. 
McGilliard and Thorp (1971) introduced a new method for catheter 
insertion. They used a sharpened bone point which fit snugly into the end 
of the catheter, to puncture through the vein wall. After entrance into 
the vessel, the point was forced out of the catheter by rapid infusion of 
saline. Although this was an improvement for catheter installation, sub­
sequent performance was still similar to that of earlier reports. 
With the development of a surgically implantable, hydraulically 
operated device, McGilliard (1971) essentially eliminated all of the 
problems previously associated with obtaining frequent portal blood 
samples over an extended period of time. This device only entered the 
portal vein for sample collection, and was withdrawn when not in use. By 
doing this the problems of questionable sançling site and sheath and/or 
clot formation in the catheters were eliminated. 
5 
Methods of Obtaining Arterial Samples 
Many different procedures have been developed for catheterization of 
arteries. The method of choice depends on several factors, such as the 
relative size and accessibility of the vessel to be cannulated, the size 
and frequency of samples needed, and anatomical differences of various 
species. If the infusion or collection site is not critical, catheteriza­
tion of the aorta is probably the most popular, since it usually meets 
most of the criteria previously listed. Aorta catheterization can be 
accomplished via several arteries, including the femoral (Dougherty et al., 
1965; Yelverton et al., 1969), a branch of the circumflex iliac (Olsen 
et al., 1967), the umbilical (McGilliard, 1968) and the carotid (Snow and 
Tyner, 1969). Materials used as catheters are variable, depending on 
several factors. A review by McGilliard (1972) discusses catheter selec­
tion, surgical installation, and maintenance procedures in more detail. 
Estimates of Portal Blood Flow Rate 
32 
Conrad et al. (1958) infused P-tagged erythrocytes into the coeliac 
artery and collected blood from the gastrosplenic vein; the isotope dilu­
tion method was used to determine flow rate. The mean rate of gastric 
blood flow was 16.8 ml/ (min x kg body wt). This work was done with 
anesthetized animals and it has been reported that anesthesia decreases 
gastric blood flow. In addition, by measuring flow in the gastrosplenic 
vein, the authors probably were accounting for about 1/3 - 1/2 of total 
portal vein flow. If these things are taken into consideration, their 
flow estimate agrees fairly well with that of other studies. 
6 
By using bolus injections of Evans blue dye and subsequent portal 
samples to construct dye-dilution curves, Fries and Conner (1961) found 
an average portal blood flow of 37.8 ml/Cmin x kg body wt) in unanesthe-
tized calves. Considerable variability was observed in their measurements 
[range from 12.0 - 65.7 ml/(min x kg body wt)]. Utilizing a thermodilu­
tion technique, Bensadoun and Reid (1962) reported that portal blood flow 
in sheep increased 3-7 h postprandial on a diet of hay and concentrates. 
They also noted that portal flow rate decreased during anesthesia. 
Carr and Jacobson (1968) used a Doppler ultrasonic flowmeter to 
measure portal blood flow in young milk-fed calves. They observed a 9.7% 
increase in portal flow 1 h after feeding. In addition, they felt their 
results suggested a possible diurnal variation, independent of the flow 
change associated with feeding. The mean portal flow rate in this study 
was 40.9 ml/(min x kg body wt). 
McGilliard et al. (1971) used indocyanine green dye as the indicator 
in a dye-dilution technique for measuring portal flow rate. The mean 
portal flow measured in 7 unanesthetized calves was 40.3 ml/(min x kg 
body wt). They noted portal flow was highly variable among animals, with­
in animals throughout the day, and within animals from day to day. In 
view of these facts, they suggested that portal blood flow for a given 
time should be calculated as the average of a minimum of 3 values obtained 
within 15 min. 
Wangsness and McGilliard (1972a) measured portal blood flow by 
continuous recording and on-line computer analysis of indocyanine green 
dye dilution curves. They obtained an average portal flow of 37.08 ± 
7 
.44 ml/Cmin x kg body wt). This was calculated from 724 dye-dilution 
curves recorded from 5 calves. 
It is obvious from the literature that portal blood flow is variable, 
and therefore a single observation should not be used as a true estimate 
of portal flow. In spite of this variation, most researchers reported 
an average portal flow of approximately 40 ml/(niin x kg body wt) in 
unanesthetized sheep and calves. 
Absorption Studies Using the A-V Difference 
Technique in Calves 
Although the theory of measuring absorption by A-V concentration 
differences is understood, it is most easily applied to small isolated 
areas such as an individual organ or limb. The literature contains very 
limited accounts of measuring absorption with this method from the entire 
gastrointestinal tract. 
Carr and Jacobson (1968) used the Doppler ultrasonic flowmeter to 
measure portal blood flow [mean of 40.9 mg/(min x kg body wt)], and 
portal-carotid blood concentration differences to calculate absorption of 
glucose and total sugars in milk-fed calves. Maximum positive portal-
carotid differences in total reducing sugars occurred from 2 to 5 h post-
feeding. Mean portal-carotid differences for glucose and total sugars 
were 4.6 and 6.6 mg/100 ml, respectively. The amount of total sugars 
absorbed accounted for 38.6% of the lactose contained in the milk. 
Wangsness and McGllliard (1972b) measured portal flow by indocyanine 
green dye-dilution curves, and measured portal-aorta differences of glucose 
by the isotope dilution technique. These experiments were conducted with 
8 
unanesthetized, ruminating calves. The animals were fitted with duodenal 
infusion tubes, and reentrant ileal cannulas to measure glucose absorption 
14 from the small intestine. A Icnown amount of DL C-glucose was introduced 
into the duodenum, and ileal digesta samples were collected to determine 
the "unabsorbed" portion. Portal-arterial differences in glucose specific 
activity were measured to determine the amount of absorbed glucose. If 
the direct method of measuring absorption is valid, the sum of the absorbed 
radioactivity (measured by P-A difference and portal blood flow) plus the 
unabsorbed radioactivity (measured in the ileal digesta) should total 100% 
of the administered dose. Average total recovery values of glucose were 
104.1%. If it is assumed that all of the error was due to incorrect blood 
flow measurements, calculation of theoretical portal flow rates that would 
yield 100% recovery indicate the observed values overestimated portal 
blood flow by 7.5%. This is probably well within the error limits of this 
system. 
These reports indicate the A-V difference technique can be utilized 
for measuring absorption from the gastrointestinal tract. Definite pre­
cautions must be taken to control, or at least characterize, the variables 
in the system. 
Calcium Absorption Studies 
Smith (1969) stated there is no reason to suppose that the intestines 
of ruminants differ basically from those of most nonruminants in the way 
in which they handle minerals. However, the nature of their diet and the 
way in which the digesta of the alimentary tract is modified before 
9 
reaching the abomasum are special factors peculiar to ruminants. In a 
study of the distribution of calcium in the contents of the gastroin­
testinal tract of sheep, Storry (1961) found that, in all organs except 
the abomasum, considerable proportions of the calcium existed in a non-
ultrafilterable form. In the abomasum, where the pH is normally between 
2 and 3, there was virtually no bound calcium. The proportion of ultra-
filterable calcium in the small intestine appeared to be dependent on the 
pH of the digesta, with low pH values favoring higher proportions of 
ultrafilterable calcium. He estimated that the concentration of ultra-
filterable calcium in rumen fluid is insufficient to be absorbed as 
freely diffusing ions, whereas in the abomasum and duodenum the concen­
trations would favor a net uptake. Gupta et al. (1970) also refer to 
several references suggesting acidic conditions are more favorable to 
calcium absorption than an alkaline environment. 
Chandler and Cragle (1962) studied gastrointestinal absorption of 
144 
calcium in the dairy calf by using Ce as a nonabsorbable marker. They 
found little exchange of calcium in the rumen, a net excretion in the 
omasum, a large absorption by the abomasum, secretion between the abomasum 
and the proximal one third of the small intestine, and the greatest net 
absorption in the middle portion of the small intestine. Net exchange in 
the rest of the tract was small, but their data indicated a slight secre­
tion between the distal third of the intestine and the cecum, and in the 
colon. 
It is generally accepted that calcium absorption is greatest in young 
animals and decreases with age. In a trial where all animals were fed a 
10 
low-calcium diet before the experiment. Garces and Evans (1971) noted 
higher calcium absorption in young vs older steers when all of the animals 
were switched to a diet containing higher levels of calcium. They also 
reported that the rate of change in absorption to the high dietary calcium 
occurred more rapidly in the younger animals. Using isotopic techniques, 
Hansard et al. (1954) found that net calcium absorption was markedly dif­
ferent with age, decreasing from 99 to 41 to 23% in cattle 10 d, 6 mo, and 
15 yr old respectively. 
Verma and Sommer (1957) found that, when milk was coagulated with 
rennet, over 60% of the calcium and inorganic phosphate and 26.8% of the 
magnesium were associated with the coagulum. Smith (1962) studied mineral 
absorption in milk-fed calves 2-5 wk of age. He calculated absorption as 
the disappearance of the mineral in relation to polyethylene glycol used 
as an inert marker. He noted that calcium, inorganic phosphorus, and 
magnesium were temporarily held up in the abomasum, presumably in associa­
tion with the milk clot. In this study, mean net absorption of calcium to 
the end of the small intestine was about 86% of the intake. By studying 
older calves, he found that calcium absorption apparently decreased with 
age, but that calcium absorption could be improved by feeding additional 
vitamin D to calves 3 mo of age or older. Net exchange of calcium in the 
large intestine was found to be negligible at all ages. 
In an attempt to measure calcium absorption from the abomasum of 
anesthetized calves. Chandler et al. (1969) isolated the abomasum by 
placing ligatures at both the omasal end and at the plyoric sphincter. 
45 
They injected Ca into the abomasum and measured the quantity remaining 
11 
after 2 h. Two milk-fed calves absorbed 21.4 and 16.0% of the administered 
45 45 
Ca. Two other calves apparently absorbed no Ca. The authors con-
45 
eluded that the small volume of administered Ca was trapped in the milk 
curd, thus absorption was not detected in this short sampling period. In 
a similar experiment with 4 calves fed hay and grain, the authors esti-
45 
mated abomasal absorption of 20.8 ± 3.1% of the administered dose of Ca 
within 25 min of injection. These estimates were based on the amounts of 
isotope injected minus that recovered from ingesta and abomasal tissue. 
45 
The authors also detected Ca in the venous blood draining the abomasum. 
12 
MATERIALS AM) METHODS 
Animals 
Four male Holstein calves from the Iowa State University dairy were 
used. Calves were fed their dams* colostrum for 2 d after birth, and 
then received cows' whole milk at the rate of 100 gm/kg body weight daily. 
2 
They were housed individually, unrestrained, in 2.44 m pens bedded with 
wood shavings. Fresh water was available ad libitum. 
A surgically implantable, hydraulically operated plastic sampling 
needle (PN) was used to collect portal blood samples. The theory for 
operation of this PN is identical to that of a stainless steel needle (SN) 
described by McGilliard (1971). However, a number of changes were 
implemented in the construction and materials in the PN, along with some 
minor changes in surgical installation. 
An exploded view of the PN is shown in Figure 1. It consists of a 
cylinder (lA) of Lexan a standard extruded tubing. Care must be taken 
to select tubing that is truly round and uniform to insure a precise fit 
between the plunger 0-ring and the cylinder wall. A hole is drilled at 
each end on opposite sides for entry of the stainless steel injection (IB) 
and withdrawal (IC) ports. The disc end piece (ID) and sampling end 
piece (]E) are milled from plexiglass. Both have centered 15 ga holes 
Portal Sampling Device 
tubing, Cadillac Plastics and Chemical Co., Detroit, 
Michigan. 
Figure 1. Exploded view of plastic sampling needle 
' 
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drilled through them. Silicone rubber 0-rings (IF) are sealed inside the 
center of both ends. These serve as seals around the needle at each end 
of the cylinder. A 15 ga stainless steel sampling port (IG) is glued in 
with epoxy^ adhesive. The sampling end piece is then glued into the 
cylinder with epoxy, and a small depression is routed in the exterior of 
the cylinder and end piece from the entry of the ports to the end. Initial 
2 
attachment of the ports is done with a small amount of Super Glue adhesive. 
Both ports are then sealed over with epoxy. The brass piston (IH) is 
milled to accommodate a silicon rubber 0-ring (II). Then a .4 mm diameter 
hole is drilled through the piston, and 27 ga needle stock is swaged in to 
give a resulting bleed hole (IJ) of .2 mm diameter. This acts as a means 
of bleeding trapped air from the cylinder and prevents exertion of excess 
pressure during operation of the needle. An 18 ga stainless steel needle 
(IK) is assembled in the piston, cut to proper length, sharpened, and 
highly polished to remove all cutting edges. The disc end piece is glued 
3 into the cylinder with epoxy adhesive. A Dacron velour disc (IX) (2.0 cm 
diameter) with a centered 15 ga hole is attached with a 1% solution (by 
weight) of plexiglass shavings in 1,2 dichloroethane. After assembly is 
completed the cylinder is lubricated with castor oil via the injection and 
withdrawal ports. This facilitates piston movement and eliminates drying 
^Scotch Brand, Adhesives, Coatings, and Sealers Division, 3M Co., 
St. Paul, Minnesota. 
2 
Alpha-me thy Icy anoacry late, Woodhill Permatex, Cleveland, Ohio. 
3 
6107 Dacron Valour, USCI, a Division of C. R. Bard, Inc., Glen Falls, 
New York. 
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of the piston 0-ring- The needle is then tested for leaks and movement 
with distilled water. 
1 
A fully assembled needle is shown in Figure 2. Polyvinyl tubes 
(0.12 cm id x 0-20 cm od for the injection and withdrawal ports, 0.15 cm 
id X 0.23 cm od for the blood withdrawal port) are attached, and after 
exteriorization from the animal are closed with hubs (2A), valves (2B) , 
and caps (2C). 
The SN developed by McGilliard (1971) eliminated most problems pre­
viously associated with repetitive, long term sampling of portal blood with 
indwelling catheters. It is felt this new PN has a number of advantages 
over the SN. First, the PN is considerably smaller and lighter. This may 
be inportant when it is desirable to implant the needle in a small animal. 
The smallest calves McGilliard (1971) implanted the SN in weighed 77 kg. 
Another advantage of the PN is that it is easier to "feel" the piston hit 
the ends of the chamber when the needle is inserted or withdrawn. This 
adds assurance that the needle is functioning correctly. In addition, the 
cost of materials and labor in the manufacture of the PN is about 5 times 
less than for the SN. 
Arterial Catheter 
2 
A 48 cm length of Teflon tubing (0.15 cm id x 0.23 cm od) was 
3 
slipped into the expanded end of a 48 cm length of Silastic tubing 
^Surco Flexible Transparent Tubing-Formulation S-1 clear, no longer 
commercially available. Surprenant Mfg., Co., Clinton, Massachusetts. 
^Medical grade tubing, Becton, Dickenson, and Co., Rutherford, New 
Jersey. 
^Medical grade silastic. Medical Products Division, Dow Coming, Corp., 
Midland, Michigan. 
Figure 2. Fully assembled plastic sampling needle 
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(0.16 cm id x 0.32 cm od) for about 3 cm. The silastic tubing was expanded 
by soaking in xylene for a few minutes. The tip of the teflon tubing that 
is inserted into the artery was highly polished with a felt wheel, which 
was coated with jeweler's rouge, attached to a high speed grinder. This 
facilitated catheter passage into the vessel and minimized abrasion to the 
intima of the artery. 
Surgical Methods 
All cutting instruments, tubing, needle hubs, valves, and caps used 
in surgery were sterilized in a 1:750 solution of Zephiran ^ in distilled 
water for a minimum of 4 h. The assembled plastic needle was sealed in a 
polyethylene bag and sterilized with ethylene oxide. All other instruments 
2 
and materials were steam sterilized at 1.05 kg/cm for 45 min. 
Milk was withheld 24 h preceding surgery. With the animal standing, 
the area from the midline of the back to the vmdercurvature of the abdomen, 
and from the hip to the ninth rib was clipped with a #40 surgical blade. 
2 
Anesthesia was induced with 10% Fluothane in oxygen via face mask, with 
a closed circuit anesthesia machine. After a few minutes the calf was 
secured to the surgery table in left lateral recumbancy in a slightly 
dorsoventral plane. The table was elevated to the desired working heigjit 
and, after sufficient jaw relaxation, the trachea was entubated. A 
surgical plane of anesthesia was maintained with 3% Fluothane in oxygen. 
"Benzalkonium chloride, Winthrop Laboratories, New York, New York. 
Bromochlorotrifluoroethane, Ayerst Laboratories, New York, New York. 
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The area under the right leg was clipped (for femoral artery catheteriza­
tion) , and then both clipped areas were scrubbed with a germicidal 
detergent^, sponged with tincture of Zephiran and draped. Strict asepsis 
was maintained throughout the surgery. 
Several attempts were made to install aorta catheters via a branch of 
the circumflex iliac artery (Olsen et al., 1967). These were not success­
ful, because of the large size of the catheter used relative to the size of 
the vessel. The femoral procedure of Yelverton et al. (1969) proved more 
satisfactory. No problems were encountered with the operation of any of 
the arterial catheters. 
Surgical procedures for entering the abdominal cavity, isolating the 
portal vein, and incision closure are described in detail by McGilliard 
(1971). The attaching disc used with the PN is a nonabsorbable Dacron 
velour. In view of this, a modified procedure for needle attachment was 
2 
attempted. Histoacryl blue tissue adhesive was evaluated as a possible 
agent for disc attachment. This compound polymerizes and adheres very 
rapidly in the presence of anions, especially hydroxy1 ions, in water and 
tissue fluids. 
A Carmalt forceps was modified by silver soldering a split ring at 
the end, so the two opposing arms, when completely closed, formed tightly 
around the barrel of the sampling needle. The outer diameter of the 
forceps head was equal to the diameter of the Dacron velour disc. Before 
Tincture green soap n.f.. Major Laboratory, Oklahoma City, Oklahoma. 
2 
N-butyl, alpha-cyanoacrylate, Tri-Hawk International Traders, Ltd., 
Montreal, Quebec, Canada. 
21 
using the forceps for placement of the needle, the head was dipped in 
melted bone wax and allowed to cool. The wax covering prevented adhesion 
of the disc to the forceps. 
Application of the adhesive directly to the portal vein wall proved 
unsatisfactory, as it set up immediately upon contact with the vein. If 
the adhesive was applied to the dry disc, and it then was firmly pressed 
onto the vein wall, a seemingly secure bond was formed. Long term obser­
vations, along with post mortem examinations, revealed that this method 
also was not satisfactory. Although the disc initially attached to the 
vein wall, the tissue adhesive caused the disc to harden, not allowing any 
tissue infiltration into the fabric to occur. With time, the needle 
became encapsulated in its proper position, but the disc was not firmly 
attached to the vein wall. Upon injection of the needle the point would 
force the vein wall away from the needle, instead of penetrating it. From 
these observations it seems that the tissue adhesive may be an acceptable 
method of needle attachment if a method can be developed for applying a 
small, uniform amount of the adhesive. Enough is needed to form a secure 
bond, but not so much that tissue infiltration will occur. 
A satisfactory method for attachment has been a slight modification 
of McGilliard's (1971) procedure. Four sutures^ (double armed, gastro­
intestinal 0 silk, with Atraloc half circle tapered needles, 24 inches 
long) were placed through the portal vein wall with approximately 0.80 cm 
between entry and exit points of each suture. They were positioned so 
^Ethicon, Inc., Somerville, New Jersey. 
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that each suture made up a "side" of a square configuration. The sutures 
were then threaded in sequence through the Dacron disc from the bottom to 
the top, the same distance apart as on the vein wall. The needle was 
positioned on the vein wall, the sutures securely tied, and clipped. At 
this point in the procedure heparinized saline was slowly flushed through 
the blood collection port to wash away any blood or clots present under the 
disc. The needle was then supported in place by enveloping it in the 
fissure between the lobes of the liver. This sequence of events is shown 
in Figures 3-7. 
All catheters were exteriorized by the method of Dougherty et al. 
(1965). The closed valves were secured to a patch that was attached to 
the calf's back with branding cement^. The needle was not operated for at 
least 1 wk post surgery. 
2 
Calves were given 3 cc Combiotic intramuscularly immediately 
following surgery and for 3 d thereafter. The arterial catheter was 
flushed daily with 5 ml of sterile 0.9% NaCl solution containing 200 units 
3 
of heparin and 4000 units of an antibiotic /ml. Care was taken to maintain 
aseptic conditions during the flushing procedure. The portal sampling 
needle required no special maintenance after surgery. 
The PN was injected at the beginning of each experiment, and not with­
drawn until after completion of the 12 h collection period. On two occasions 
"Midwest Business Forms Supply, Knoxville, Iowa. 
2 
Penicillin and Dihydrostreptonycin, Pfizer, Inc., New York, New York. 
3 
Potassium Penicillin G, E. R. Squibb and Sons, New York, New York. 
Figure 3. Portal vein with area cleared of connective tissue for attachment of needle 
mm», III I ,n ; 
Figure 4. Placement of sutures in portal vein wall for attachment of needle 

Figure 5. Sutures threaded through attaching disc of needle 

Figure 6. Portal needle attached to vein wall 

Figure 7. Support of needle between caudate lobe and main body of liver utilizing Ivalon sponge 
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a sample could not be collected, but after withdrawing and reinserting the 
needle blood could be withdrawn. All needles were recovered during post 
mortem examinations. They were fully encapsulated in their proper posi­
tion. Before reusing the needles, all glued joints were checked for 
leakage. All indications are that they may be reusable many times without 
any difficulty. 
Design and Conduct of Experiment 
The experiment was a 4 x 4 Latin square design. Surgery was not per­
formed on the calves until they reached a weight of at least 50 kg. A 
minimum of 1 wk was allowed for recovery from surgery. Experiments were 
conducted a minimum of 2 d apart. Calves were fed whole milk at the rate 
of 100 gm/kg body wt daily, in two equal feedings, 12 hr apart. The 
experimental diets were fed only on the morning of the collection day. 
Milk from cow H7218 of the Iowa State University dairy herd was used 
throughout the entire experiment. This cow was in the middle of the 
lactation period, with an average milk fat test of 3.4%. 
Diet Formulation 
Whole milk served as the control or normal milk diet. The second 
diet was 1.9 x Ca. This was formulated by calculating the amount of cal­
cium present in the amount of milk to be fed. It was assumed the milk 
contained 1,218 mg calcium/1 (Church and Church, 1975). This figure was 
multiplied by .9 to determine the amount of additional calcium to be 
supplied by the addition of CaClg'ZB^O. This compound was used because of 
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its high degree of water solubility. The appropriate amount of CaClg'ZHgO 
was dissolved in a small amount of warm water and added to the milk. The 
third diet, 4.5 x Ca, was made in a similar fashion, multiplying the 
amount of calcium in whole milk by 3.5. The fourth diet was Low Ca. This 
was made by adding an amount of sodium oxalate in sufficient quantity to 
remove 100% of the calculated amount of calcium present in the whole milk. 
The sodium oxalate was dissolved in warm water, added to the milk, and 
mixed well. The milk was then centrifuged in a continuous flow centrifuge^. 
Insoluble calcium oxalate was collected as a precipitate. The amount of 
the Low Ca diet fed was increased proportionately to compensate for the 
water added to dissolve the sodium oxalate. 
Sample Collection 
Milk samples were taken immediately before the diets were fed to the 
calves, and frozen for later analysis. Blood samples were taken immedi­
ately prior to feeding (time 0), and 15 min, 30 min, 1 h, and hourly there­
after for 12 h postfeeding. At each blood sampling time 9 ml of both 
portal and arterial blood were withdrawn simultaneously. Heparin was used 
as an anticoagulant. Hematocrit was determined on the fresh blood samples 
2 
using heparinized capillary tubes in a Triac centrifuge. Plasma was 
stored at -10 C for later analysis. 
^Sharpies Super-Centrifuge, The Sharpies Corp., Philadelphia, 
Pennsylvania. 
2 
Clay Adams, A Division of Becton, Dickinson and Co., Parsippany, 
New Jersey. 
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After each blood sampling both catheters were flushed with 4 ml of 
0.9% NaCl solution containing 20 U heparin/ml. The first few mililiters 
of the next blood sample containing the anticoagulant solution were dis­
carded each time. At the end of the day's collection, both catheters were 
flushed with 10 ml of 0.9% NaCl solution and filled with a solution of 
0.9% NaCl containing 200 U of heparin and 4,000 U of an antibiotic/ml. The 
portal sampling needle was then retracted. 
Sample Analysis 
Calcium and magnesium concentrations in plasma and milk were deter­
mined in duplicate by atomic absorption spectrophotometry (Willis, 1960a,b). 
Lanthanum chloride was used to reduce phosphate and sulfate interference. 
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RESULTS AND DISCUSSION 
Measurement of Portal Blood Flow 
To quantitatively measure absorption by using portal and arterial 
concentration differences of a given nutrient, the rate of portal blood 
flow must be known, and these changes must be defined or characterized 
for any given time. An attempt was made to measure portal blood flow by 
installing an injection catheter in a mesenteric artery or vein, with the 
intention of instantaneously injecting boluses of indocyanine green dye 
and measuring the appearance at the portal vein sampling site. This was 
not accomplished because patent injection catheters could not be maintained 
for sufficient lengths of time. The calves in this study weighed as little 
as 50 kg at the time of surgery. It is felt the diameter of the mesenteric 
vessels were too small for the size of the catheters needed for injection. 
Snow and Tyner (1969) emphasized the importance of limiting the catheter 
diameter to 1/3 or less of the lumen diameter of the intact vessel. This 
is to preserve the flow of blood around the catheter and to prevent 
vascular spasm, constriction and occlusive clotting. These catheters were 
always operative immediately following surgery, but seldom remained func­
tional more than 2 d. 
As an alternative, several attempts were made to install an injection 
catheter directly in the portal vein and to pass it retrograde for a suf­
ficient distance to allow for adequate mixing of the dye. The operative 
life of these catheters was no better than the mesenteric catheters. Post 
mortem examination revealed the catheters would enter one of the many small 
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vessels entering the mesenteric trunk instead of remaining in the major 
vessel. The same problems of flow restriction, followed by vessel con­
striction, occurred leaving these catheters inoperable. If this method 
can be developed so it is reliable, it would be the best method to use for 
placement of the injection catheter because one would know the distance 
between injection and sampling site and that adequate mixing had occurred. 
Portal blood flow should be measured simultaneously in the same 
animal as the absorption measurements are being taken, and ideally, because 
of variation, the flow value should represent an average of several 
measurements taken over a short period of time (McGilliard et al., 1971). 
In the absence of this information, an average value from the literature 
of 40.0 ml/(minx kg body wt) was used in making absorption calculations 
for this study. 
Portal-Arterial Differences 
Table 1 illustrates mean P-A differences for each treatment with 
time after feedings. As the level of dietary calcium increased, the 
P-A differences also increased. Mean P and A blood calcium concentra­
tions for the 4 calves fed whole milk are plotted in Figure 8. P 
calcium levels rose abruptly after feeding, and peaked at 2 h post 
feeding at 10.6 mg/100 ml. Maximum P-A differences were observed at 
15 min after feeding. These were the first post feeding samples taken. 
Substantial P-A differences were observed until 6 h after feeding. Beyond 
this point the differences were small, but positive most of the time. The 
v^ole milk contained an average of 102.6 mg calcium/100 ml milk. At the 
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Table 1. Mean portal (P) - arterial (A) differences in blood calcium 
concentrations for 4 calves each fed the 4 experimental diets 
Diet 
Sampling time Whole milk 1.9 x Ca 4.5 x Ca Low Ca 
h P - A calcium concentration (mg/100 ml blood) ;— 
0 -0.3 0.2 0.1 0.0 
1/4 1.0 0.5 1.5 -0.1 
1/2 0.6 1.0 1.3 -0.1 
1 0.4 0.9 1.6 -0.2 
2 0.6 0.8 0.8 -0.1 
3 0.2 0.7 0.7 0.0 
4 0.5 0.5 1.0 0.0 
5 0.3 0.3 0.6 0.0 
5 -0.1 0.5 0.9 -0.2 
7 0.2 0.1 0.4 0.0 
8 0.1 0.2 0.2 0.0 
9 0.1 0.2 0.4 0.1 
10 0.0 0.1 0.2 0.0 
11 0.1 0.0 0.3 -0.2 
12 0.2 0.1 0.5 -0.2 
end of 6 h an average of 95.3% of this amount had been absorbed. At 12 h 
post feeding average absorption was 122.2%. This high absorption figure 
could be the result of several factors. If portal flow rates were actually 
less than 40 ml/(min x kg body wt), absorption would have been overesti­
mated. There may also be secretion of endogenous calcium (bile, pancreatic 
secretions, etc.) into the GI tract, which, if absorbed, would increase 
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apparent absorption of the dietary calcium. P and A blood calcium levels 
returned to prefeeding levels about 9 h after feeding. 
Figure 9 illustrates the mean P and A blood calcium concentrations 
when the calves were fed the 1.9 x Ca diet. As with the whole milk, P 
calcium levels rose rapidly after feeding, and peaked at 2 h. The 1.9 x 
Ca diets averaged 196.5 mg calcium/100 ml milk. This higher level also 
was reflected in higher blood concentrations of calcium after feeding. 
Peak P concentration reached 11.9 mg calciiim/100 ml blood. A maximum P-A 
difference of 1.0 mg/100 ml blood occurred at 30 min after feeding. From 
7-12 h after feeding P-A differences were quite small. This would indi­
cate that absorption of the dietary calcium had slowed considerably, or 
that possibly a small amount of endogenous calcium was continuously 
entering the intestinal tract and was being absorbed. At 7 h after feed­
ing an average of 90.0% of the amount of calcium present in the diets 
could be accounted for by the P-A difference multiplied by the portal flow 
rate. At 12 h it reached 101.6%. By 9 h after feeding blood levels of 
calcium had returned to prefeeding levels. 
The most dramatic increase in P and A blood calcium concentrations 
occurred after feeding the 4.5 x Ca diet (Figure 10). On the average, 
this milk contained 473.8 mg calcium/lOO ml milk. P and A calcium con­
centrations peaked 1 h after feeding, at 15.1 and 13.5 mg calcium/100 ml 
blood, respectively. Blood calcium concentrations declined from that time, 
except for a slight increase at 6 h after feeding. P-A differences became 
small at 8 h after feeding but remained positive for the total 12 h. 
Average absorption at 8 h was 59.4% and by 12 h had Increased to 72.3%. 
Figure 9. Mean portal (P) and arterial (A) blood calcium concentrations for 4 calves fed the 
1.9 X Ca diet 
A - -
II.O 
2 3 4 5 6 7 8 9 10 II 12 0 I 
HOURS POSTFEEDING 
Figure 10. Mean portal (P) and arterial (A) blood calcium concentrations for 4 calves fed the 
4.5 X Ca diet 
14.0 A - -
II.O 
100 
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HOURS P0STFEEDIN6 
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The blood levels of calcium at 12 h were approaching but still slightly 
higher than prefeeding levels. 
P and A blood calcium concentrations dropped after feeding the Low Ca 
diet (Figure 11). P-A differences were very small during the entire col­
lection period. Sometimes the difference was positive, sometimes negative, 
and on seven occasions P and A levels were equal. The amount of sodium 
oxalate added to the milk to remove the calcium was calculated to be large 
enough to remove all of the calcium, but not to be present in excess. In 
reality, the Low Ca milk contained an average 10.5 mg calcium/100 ml milk. 
The treatment removed about 90% of the calcium from whole milk. Absorp­
tion estimates were very erratic, with 2 calves having positive values and 
the other 2 negative values. The average of all 4 calves showed a posi­
tive absorption of 50.7% over the 12 h period. This is 50.7% of the 
dietary level, which was quite low. In essence then, very little absorp­
tion took place, but very little dietary calcium was fed. Blood calcium 
levels after 12 h were still slightly depressed from prefeeding levels. 
Apparently some calcium was pulled out of the circulatory system. If it 
was secreted into the gut, it may have become bound with any excess oxa­
late present, making it unabsorbable. 
In Figure 12 a composite plot of all of the results is shown. Pre­
feeding P and A calcium concentrations both averaged 9.8 mg calcium/100 ml 
blood. As the concentrations of calcium in the diet increased, so did the 
post feeding calcium concentration in the blood. Absorption, indicated by 
elevated blood levels of calcium, occurred quite rapidly after feeding. 
Peak response occurred by 2 h or sooner. The P-A differences became 
Figure 11. Mean portal (P) and arterial (A) blood calcium concentrations for 4 calves fed the 
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Figure 12. Mean portal (P) and arterial (A) blood calcium concentrations for 4 calves each fed 
the 4 experimental diets 
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relatively small by 7 or 8 h after feeding. P calcium concentrations 
were not significantly different at prefeeding and at 12 h after feeding 
with respect to the 4 different diets. A concentrations were not signifi­
cantly different at prefeeding, and 10, 11 and 12 h after feeding. 
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SUMMARY 
The main objective of this work was to evaluate a direct method for 
measuring calcium absorption in milk-fed calves. 
Blood levels of calcium rose rapidly after feeding. As levels of 
dietary calcium increased, the increase in blood calcium also rose. The 
P-A differences also became greater when increasing amounts of calcium 
were fed. When the amount of calcium fed was increased, the amount 
absorbed increased. The percent absorption was inversely related to the 
amount fed. Milks containing an average of 102.6, 196.5 and 473.8 mg 
calcium/100 ml were fed at the rate of 5% of the calves* body weight. 
Absorption after 12 h was 4.1, 6.9 and 12.3 g calcium respectively. The 
corresponding percent absorption was 122, 102 and 72. When milk very low 
in calcium (10.5 mg/100 ml) was fed, P and A blood calcium levels were 
depressed. 
An average figure from the literature of 40.0 ml/(min x kg body wt) 
was used in calculating absorption. A more desirable method would be to 
measure the portal flow rate each time samples were taken. 
Hematocrits varied from calf to calf and within calves at different 
sampling times. However, no differences were observed between P and A 
samples at any given time, so no corrections for hemodilution or hemocon-
centration were necessary. 
A secondary objective was to evaluate a device for repetitive sampling 
of portal blood. It worked perfectly, giving a very reliable method for 
obtaining portal blood samples. 
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Maintenance of arterial or venous catheters in the gut vasculature for 
dye injection for determining portal blood flow is the most limiting factor 
for quantitating absorption. 
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Table Al. Calf: 8069. Diet: Whole milk. Date: 10-9-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 34.5 10.1 
A 34.5 10.1 
1/4 P 34.0 10.8 
A 34.0 10.0 
1/2 P 33.5 10.8 
A 33.5 10.3 
1 P 32.0 10.5 
A 32.0 10.1 
2 P 31.5 11.1 
A 31.5 10.6 
3 P 31.0 11.3 
A 31.0 10.9 
4 P 31.0 10.3 
A 31.0 9.6 
5 P 30.5 9.9 
A 30.5 9.6 
6 P 30.5 10.6 
A 30.5 10.3 
7 P 30.5 10.9 
A 30.5 10.4 
8 P 30.0 10.4 
A 30.0 10.1 
9 P 30.0 10.0 
A 30.0 9.8 
10 P 32.0 10.1 
A 32.0 10.1 
11 P 31.5 9.8 
A 31.5 10.1 
12 P 31.5 10.1 
A 31.5 10.1 
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Table A2. Calf: 8069. Diet: 1.9 x Ca. Date; 10-11-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 32.0 10.1 
A 32.0 10.0 
1/4 P 32.0 11.6 
A 32.0 11.0 
1/2 P 32.0 11.9 
A 32.0 11.1 
1 P 30.0 11.3 
A 30.0 11.1 
2 P 29.5 12.0 
A 29.5 11.9 
3 P 30.0 10.9 
A 30.0 10.4 
4 P 30.0 11.0 
A 30.0 10.6 
5 =P 30.0 10.5 
A 30.0 10.1 
6 P 30.0 11.0 
A 30.0 9.1 
7 P 29.0 9.6 
A 29.0 9.9 
8 P 29.0 9.4 
A 29.0 9.5 
9 P 29.0 9.5 
A 29.0 9.5 
10 P 29.0 9.5 
A 29.0 9.5 
11 P 28.0 9.5 
A 28.0 10.0 
12 P 29.0 10.0 
A 29.0 9.8 
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Table A3. Calf: 8069. Diet: 4.5 x Ca. Date: 10-16-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 32.0 10.0 
A 32.0 10.0 
1/4 P 31.5 12,8 
A 31.5 12,4 
1/2 P 32.0 13.4 
A 32.0 12.3 
1 P 29.0 13.9 
A 29.0 13.6 
2 P 30.5 12.9 
A 30.5 12.3 
3 P 30.5 12.5 
A 30.5 12.5 
4 P 30.0 11.5 
A 30.0 10.8 
5 P 28.0 11.1 
A 28.0 10.6 
6 P 29.0 11.1 
A 29.0 11.1 
7 P 29.0 10.8 
A 29.0 10.6 
8 P 29.0 10.3 
A 29.0 9.8 
9 P 27.0 9.9 
A 27.0 10.1 
10 P 27.0 10.8 
A 27.0 10.9 
UP 27.0 10.1 








Table A4. Calf: 8069. Diet: Low Ca. Date: 10-31-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 31.0 9.5 
A 31.0 10.0 
1/4 P 31.0 8.9 
A 31.0 8.9 
1/2 P 30.0 8.9 
A 30.0 8.8 
1 P 27.5 8.4 
A 27.5 8-8 
2 P 28.0 8.4 
A 28.0 8.1 
3 P 28.0 8.4 
A 28.0 8.0 
4 P 27.5 8.0 
A 27.5 8.1 
5 P 27.5 7.9 
A 27.5 8.1 
6 P 28.0 7.9 
A 28.0 7.9 
7 P 29.0 8.0 
A 29.0 8.0 
8 P 28.0 8.0 
A 28.0 8.0 
9 P 27.0 8.0 
A 27.0 8.0 
10 ? 27.0 8.4 
A 27.0 8.3 
11 ? 27.0 8.5 
A 27.0 8.5 
12 P 27.0 8.5 
A 27.0 8.5 
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Table A5. Calf: 8112. Diet: 1.9 x Ca. Date: 11-21-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 35.0 9.4 
A 35.0 9.3 
1/4 P 36.0 10.6 
A 36.0 10.3 
1/2 P 34.5 11.3 
A 34.5 10.6 
1 P 35.0 11.8 
A 35.0 10.5 
2 P 35.5 12.6 
A 35.5 11.3 
3 P 35.5 11.1 
A 35.5 10.5 
4 P 34.0 11.0 
A 34.0 10.3 
5 P 33.5 10.1 
A 33.5 9.5 
6 P 35.0 9.5 
A 35.0 9.5 
7 P 36.0 9.9 
A 36.0 9.9 
8 P 36.0 11.0 
A 36.0 10.4 
9 P 34.0 9.5 
A 34.0 9.3 
10 P 35.0 9.8 
A 35.0 9.5 
11 P 34.0 9.5 
A 34.0 9.5 
12 P 36.0 9.8 
A 36.0 9.8 
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Table A6. Calf: 8112. Diet: 4.5 x Ca. Date: 11-23-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 34.5 10.0 
A 34.5 10.0 
1/4 P 37.0 17.0 
A 37.0 14.4 
1/2 P 35.0 15.8 
A 35.0 14.3 
1 P 34.0 16.0 
A 34.0 15.1 
2 P 37.0 14.1 
A 37.0 13.8 
3 P 36.5 13.8 
A 36.5 13.0 
4 P 36.0 13.8 
A 36.0 13.1 
5 P 37.0 12.0 
A 37.0 12.3 
6 P 35.0 13.0 
A 35.0 12.4 
7 P 36.0 11.0 
A 36.0 11.5 
8 P 36.0 10.9 
A 36.0 10.8 
9 P 36.5 10.5 
A 36.5 10.6 
10 P 36.0 10.5 
A 36.0 10.1 
11 P 35.0 10.5 
A 35.0 10.3 
12 P 36.0 10.0 
A 36.0 10.3 
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Table A7. Calf: 8112. Diet: Low Ca. Date: 11-26-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 28.5 9.3 
A 28.5 9.1 
1/4 P 29.0 9.0 
A 29.0 9.0 
1/2 P 28.0 8.4 
A 28.0 8.5 
1 P 27.0 8.3 
A 27.0 8.3 
2 P 26.5 8.1 
A 26.5 8.0 
3 P 26.0 8.5 
A 26.0 8.3 
4 P 26.5 8.4 
A 26.5 8.3 
5 P 26.0 9.0 
A 26.0 8.6 
6 P 26.0 9.0 
A 26.0 9.0 
7 P 26.0 8.8 
A 26.0 8.8 
8 P 26.0 9.1 
A 26.0 9.0 
9 P 25.5 8.5 
A 25.5 8.8 
10 P 25.5 8.9 
A 25.5 9.1 
11 P 27.0 9.0 
A 27.0 8.9 
12 P 26.0 9.4 
A 26.0 9.1 
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Table A8. Calf: 8112. Diet: Whole milk. Date: 11-28-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 28.5 9.5 
A 28.5 9.5 
1/4 P 29.5 9.1 
A 29.5 9.0 
1/2 P 28.5 9.1 
A 28.5 9.1 
1 P 27.0 9.4 
A 27.0 9.4 
2 P 27.0 10.5 
A 27.0 9.3 
3 P 26.0 9.3 
A 26.0 9.0 
4 P 26.5 9.5 
A 26.5 9.0 
5 P 26.0 9.0 
A 26.0 8.9 
6 P 27.0 9.3 
A 27.0 9.0 
7 P 27.0 9.3 
A 27.0 9.3 
8 P 27.0 8.5 
A 27.0 8.9 
9 P 26.5 8.5 
A 26.5 8.6 
10 P 27.0 9.0 
A 27.0 8.6 
11 P 26.0 9.1 
A 26.0 9.0 
12 P 26.5 8.8 
A 26.5 8.8 
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Table A9. Calf: 8106. Diet: 4.5 x Ca. Date: 12-3-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 29.5 10.1 
A 29.5 10.0 
1/4 P 29.5 12.0 
A 29.5 10.8 
1/2 P 29.5 14.0 
A 29.5 12.6 
1 P 29.0 15.8 
A 29.0 12.9 
2 P 29.0 13.8 
A 29.0 12.6 
3 P 29.0 13.8 
A 29.0 12.9 
4 P 29.0 14.6 
A 29.0 13.0 
5 P 29.0 13.4 
A 29.0 12.3 
6 P 28.0 13.9 
A 28.0 12.3 
7 P 29.0 12.6 
A 29.0 11.6 
8 P 28.5 11.6 
A 28.5 11.4 
9 P 29.0 11.6 
A 29.0 10.6 
10 P 28.0 10.9 
A 28.0 10.4 
11 P 28.0 10.8 
A 28.0 10.8 
12 P 28.0 11.3 
A 28.0 10.0 
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Table AlO. Calf: 8106. Diet: Low Ca. Date: 12-5-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 29.0 9.6 
A 29.0 10.0 
1/4 P 28.0 9.1 
A 28.0 9.0 
1/2 P 27.5 9.0 
A 27.5 9.0 
1 P 27.5 8.8 
A 27.5 9.3 
2 P 27.5 8.8 
A 27.5 9.0 
3 P 27.0 8.8 
A 27.0 9.0 
4 P 26.0 8.5 
A 26.0 8.3 
5 P 26.0 9.0 
A 26.0 9.1 
6 P 26.0 9.1 
A 26.0 9.5 
7 P 26.0 9.3 
A 26.0 9.5 
8 P 26.5 9.5 
A 26.5 9.1 
9 P 27.5 9.5 
A 27.5 9.0 
10 P 27.0 9.5 
A 27.0 9.5 
11 P 27.0 9.3 
A 27.0 9.6 
12 P 27.0 9.5 
A 27.0 9.5 
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Table All. Calf: 8106. Diet: Whole milk. Date: 12-9-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 30.5 9.8 
A 30.5 10.5 
1/4 P 29.0 11.3 
A 29.0 9.9 
1/2 P 28.5 11.3 
A 28.5 10.4 
1 P 27.0 11.0 
A 27.0 10.3 
2 P 28.0 10.6 
A 28.0 10.5 
3 P 27.5 10.3 
A 27.5 10.3 
4 P 26.5 10.6 
A 26.5 9.9 
5 P 26.5 10.5 
A 26.5 9.9 
6 P 25.5 9.0 
A 25.5 10.0 
7 P 25.0 9.8 
A 25.0 10.0 
8 P 25.0 9.8 
A 25.0 9.6 
9 P 25.0 10.0 
A 25.0 9.9 
10 P 27.0 9.5 
A 27.0 9.9 
11 P 29.0 10.0 
A 29.0 9.6 
12 P 29.5 10.4 
A 29.5 9.8 
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Table A12. Calf: 8106. Diet: 1.9 x Ca. Date: 12-11-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 27.0 9.8 
A 27.0 9.5 
1/4 P 26.0 10.5 
A 26.0 9.9 
1/2 P 25.0 11.4 
A 25.0 9.8 
1 P 25.0 11.1 
A 25.0 10.5 
2 P 25.0 12.1 
A 25.0 11.1 
3 P 25.5 10.9 
A 25.5 9.8 
4 P 24.5 9.6 
A 24.5 9.1 
5 P 24.0 9.8 
A 24.0 9.5 
6 P 24.0 10.2 
A 24.0 9.9 
7 P 25.0 10.5 
A 25.0 9.8 
8 P 25.0 9.9 
A 25.0 9.6 
9 P 25.0 10.0 
A 25.0 9.6 
10 P 25.5 10.0 
A 25.5 10.0 
11 P 25.5 9.5 
A 25.5 9.1 
12 P 25.5 9.6 
A 25.5 9.6 
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Table A13. Calf: 8126. Diet: Low Ca. Date: 12-13-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 25.5 10.3 
A 25.5 9.8 
1/4 P 28.0 9.3 
A 28.0 9.8 
1/2 P 27.0 8.3 
A 27.0 8.9 
1 P 27.0 8.8 
A 27.0 8.6 
2 P 25.0 8.1 
A 25.0 8.9 
3 P 25.0 8.8 
A 25.0 9.1 
4 P 24.0 8.5 
A 24.0 8.9 
5 P 23.5 8.3 
A 23.5 8.4 
6 P 23.5 8.0 
A 23.5 8.3 
7 P 22.0 8.8 
A 22.0 8.6 
8 P 23.0 8.6 
A 23.0 8.9 
9 P 23.0 9.1 
A 23.0 9.0 
10 P 23.0 8.9 
A 23.0 8.8 
11 P 22.5 8.3 
A 22.5 8.8 
12 P 22.0 8.1 
A 22.0 9.1 
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Table A14. Calf: 8126. Diet: Whole milk. Date: 12-16-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 27.5 8.8 
A 27.5 9.3 
1/4 P 28.0 10.3 
A 28.0 8.8 
1/2 P 25.5 10.0 
A 25.5 9.1 
1 P 23.5 10.0 
A 23.5 9.5 
2 P 23.5 10.0 
A 23.5 9.8 
3 P 23.0 9.8 
A 23.0 9.8 
4 P 23.5 9.5 
A 23.5 9.3 
5 P 24.5 9.3 
A 24.5 9.0 
6 P 24.5 9.5 
A 24.5 9.3 
7 P 25.0 9.4 
A 25.0 9.1 
8 P 23.5 9.6 
A 23.5 9.4 
9 P 23.5 9.6 
A 23.5 9.3 
10 P 23.5 9.5 
A 23.5 9.5 
11 P 23.5 8.5 
A 23.5 8.3 
12 P 23.0 8.9 
A 23.0 9.0 
73 
Table A15. Calf: 8126. Diet: 1.9 x Ca. Date: 12-18-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 25.0 9.9 
A 25.0 9.6 
1/4 P 24.0 9.9 
A 24.0 9.4 
1/2 P 23.0 11.1 
A 23.0 10.0 
1 P 22.0 12.1 
A 22.0 10.5 
2 P 22.5 10.8 
A 22.5 10.1 
3 P 22.0 10.9 
A 22.0 10.5 
4 P 21.5 10.4 
A 21.5 10.1 
5 P 21.0 9.6 
A 21.0 9.5 
6 P 21.0 9.6 
A 21.0 9.9 
7 P 21.0 9.3 
A 21.0 9.3 
8 P 21.0 9.3 
A 21.0 9.4 
9 P 21.0 10.1 
A 21.0 10.0 
10 P 21.0 9.4 
A 21.0 9.4 
11 P 21.0 9.4 
A 21.0 9.4 
12 P 21.0 9.4 
A 21.0 9.3 
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Table A16. Calf: 8126. Diet: 4.5 x Ca. Date: 12-20-79 
Sampling time Hematocrit Calcium 
hr % mg/100 ml 
0 P 23.0 10.3 
A 23.0 9.8 
1/4 P 22.5 13.0 
A 22.5 11.0 
1/2 P 21.5 13.0 
A 21.5 11.8 
1 P 21.0 14.6 
A 21.0 12.3 
2 P 23.0 13.8 
A 23.0 12.8 
3 P 20.5 13.3 
A 20.5 12.5 
4 P 21.5 13.8 
A 21.5 12.8 
5 P 21.5 13.0 
A 21.5 12.1 
6 P 21.5 13.8 
A 21.5 12.4 
7 P 21.0 12.6 
A 21.0 11.9 
8 P 21.0 12.4 
A 21.0 12.4 
9 P 20.5 12.8 
A 20.5 12.0 
10 P 21.5 12.0 
A 21.5 12.0 
11 P 20.0 12.0 
A 20.0 12.0 
12 P 20.0 12.1 
A 20.0 12.0 
